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SUMMARY 


This report presents the detailed, final, computer-processed 
data from which the conclusions und summary in Volume I vere 
drawn. A comprehensive index of the test conditions pertaining 
to the data listings is included. 


Sets of Cyn and Cm versus angle-of-attack and time-history 


data plots are included which present data supplementary to 
the main presentation of Volume I. 
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INTRODUCTTON 


The data plots included in this volume present Cy and Cy 
versus angle of attack and cycle time histories of Cyn, Cm, 
and AC, for selected chord locations. 


The computer data listings for each oscillatory test point 
present data averaged over a minimum of ten consecutive data 
cycles. Airfoil pitch motion, differential pressure cceffi- 
cients at each chord locati: ', and integrated normal force and 
pitching moment coefficients re presented in a truncated- 
Fourier-series analysis form up to the ninth harmonic for each 
data point. Test condition information, together with the 
aerodynamic damping and maximum normal force attained, is 
presented in the tables. 


SUPPLEMENTARY DATA PLOTS 


Sets of dynamic Cy and Cm versus angle-of-attack plots, 
followed by a series of Cyn and Cm time-history plots, are 
presented as a supplement to the main discussion in Volume I. 
These data further illustrate significant aerodynamic behavior 
for the Vertol 23010-1.58 airfoil in reverse-flow conditions. 


Cy AND C,, VERSUS ANGLE OF ATTACK 


M 


Figures 1 through 6 present data on the dynamic Cy and Cy 
versus angle of attack; these data illustrate the effect of 
mean angle of attack, oscillatory drive frequency, and ampli- 
tude of pitch osciliation. These figures supplement the data 
given in Figures 5 through 8 of Volume I and illustrate effects 
due to variation of the same parameters at a higher Mach 

number value of 0.4. The static nonoscillatory Cy and Cy 
characteristics have been included on each plot as dashed 

lines in order to provide a comparative baseline for the 
dynamic behavior. 


Figures 1 and 2 show the progressive variations in the dynamic 
Cn and Cm loops as the mean angle of attack is varied in 
increments throughout the full test range from 160 to 205 
degrees for oscillation at f = 16 Hertz and M = 0.4. Figure 

3 shows the effect of varying mean angle of attack for values 
greater than 180 degrees, for a high-frequency (80 Hertz) 
condition at M = 0.4. 


Figure 4 shows the effect of increasing the frequency of 
Oscillation at M = 0.4 for a mean angle-of-attack condition 
which illustrates the progressive stall delay. 


Figures 5 and 6 illustrate the effect of increasing the 
amplitude of oscillation from 2.5 to 10 degrees at a constant 
mean angle of attack for Mach numbers of 0.2 and 0.4 at low 
frequency (f = 16 Hertz). 


CYCLE HISTORY OF Cy AND Cu 


Figures 7 through 16 present data on the Cy and Cm variations 
during average cycles of oscillation. These data illustrate 
the comparisons of airfoil stall behavior over a range of test 
conditions. Where conditions are suitable, the corresponding 
cycle history of the angle of attack is also given. All cycle 
histories are plotted against the airfoil pitch reference 
angle © and represent airload time histories since 


= ae Nad Aa sin 6 
where 6 = 2rtf. 


The following plots present data to supplement the cycle- 
history plots included in Figures 18 through 25 of Volume I. 
References are given where similar data comparisons are illus- 
trated by sets of dynamic Cy and Cm versus angle-of-attack 
behavior elsewhere in this report. 


Figure 7 shows angle-of-attack, Cn, and Cm cycle histories at 
sequential increments in mean angle of attack commencing with 
an angle close to the angle where stall is initially experi- 
enced at a test condition of f = 16 Hertz, M = 0.2, and Aa = 5 
degrees. A similar comparison, illustrated by the dynamic Cy 
and Cm versus angle-of-attack behavior, is shown by Figure 5 
in Volume I. Figures 8 and 9 present data comparisons similar 
to the comparison of Figure 7 at oscillatory amplitudes of 7.5 
and 10 degrees respectively. Figure 10 illustrates the effect 
of varying mean angle of attack at high frequency (f = 80 
Hertz), M = 0.2, and Aa = 5 degrees. 


Figures 11 through 13 present Cy and Cy cycle histories to 

show the effect of increasing oscillatory frequency on dynamic 
stall at each test Mach number for an oscillatory amplitude of 
5 degrees. In Figure 11, the data trends at M = 0.2 may be 
compared with the dynamic Cy and Cy versus angle-of-attack 

data shown in Figure 7 of Volume I, although those data are for 
a higher mean angle of attack. 


The effect of Mach number variation on the Cy and Cm dynamic 
stall time history at constant oscillatory amplitude and fre- 
quency is shown at three different frequencies (16, 48, and 80 
Hertz) in Figures 14 through 16 respectively. It should be 
noted that increasing Mach number, while maintaining a constant 
pitching frequency, results in a reduction of the pitch rate 
parameter ba/V introduced in Reference 7 of Volume I. Thus, 
the data comparisons do not isolate effects due to Mach number 
only. 
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Figure 1, Effect of Mean Angle of Attack on Dynamic Cy and 
Cu for Pitch Coat) Tatton: at M = 0.4, f = 16 Hertz, 
‘fa = 5 Degrees, and a, © 180 Degrees. 
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Figure 2. Effect of Mean Angle of Attack on Dynamic Cy and 
Cm for Pitch Oscillation at M = 0.4, f = 16 Hertz, 
Ac = 5 Degrees, and a, 2 180 Degrees, 
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Figure 3. Effect of Mean Angle of Attack on Dynamic Cy and 
| Cy for Pitch Oscillation at M = 0.4, f = 80 Hertz, 
and Aa = 5 Degrees, 
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Figure 4. Effect of Drive Frequency on Dynamic Cy and Cy 
for Pitch Oscillation at M = 0.4, da = 5 Degrees, 
ig = 187.5 Degrees. 
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Figure 5. Effect of Oscillatory Amplitude on Dynamic Cy and 


Cy for Pitch Oscillation at M = 0.2, 16 Hertz, 
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Piqure 6. Effect of Oscillatory Amplitude on Dynamic Cy and 
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INDEX TO COMPUTER DATA | 


The airfoil type and the test conditions are identified at 
the head of each set of datn. Tables I through IV refer the 
nominal values of these parameters to the page on which the 
data appear. The numbers of pages containing two sets of 
data are followed by the letter L or R, indicating whether 
the data are on the lett or right side of the page’. 


TABLE TI. STATIC ATRFOIL DATA 


Vertol 23010=. 58 Airforl: RN 


Trailing-edge tab configuration M 1076 Page 
Neutral 0.2 2.6 30) 
0273 3.8 cpk 
0.4 4.7 32 
Deflected 3 degrees up 0.2 2.3.0 By) 
0.3 3.8 34 
0.4 4.7 35 
Deflected 3 degrees down O12 226 36 
04.3 $53 
0.4 4.7 
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